Several interesting spectroscopic trends are found to accompany nitrogen substitut: on into the aromatic framework of these compounds.
First, for the neutral species, the nitrogen a,:om produces a significant increase in the total integrated infrared intensity across the 1600 -1100 cm -1 region and plays an essential role in the molecular vibration that underlies an uncharacteri_',tically intense, discrete feature that is observed near 1400 cm -1 in the spectra of 7,8 benzoquinoline 1-azabenz[a]anthracene, and 4-azachrysene.
The origin of this enhanced infrared activity anc the nature of the new 1400 cm q vibrational mode are explored.
Finally, in contrast to the parent hydrocarbon species, these aromatic nitrogen heterocycles possess a significant permanent dipole moment. Consequently, these dipole moments and the rotational constants are reported for these species in their neutral and ionized forms.
I. INTRODUCTION
Motivated in large par_ by their emerging importance in the field of astrophysics, the past decade has witnessed a renais:;ance in the study of the fundamental molecular and spectroscopic properties of polycyclic aromatic hydrocarbons (PAHs A. The 4000 to 500 cm 1 spectra of neutral PANHs.
The measured mid-infrared spectra of the argon matrix isolated PA/'CI-Is considered in this study are presented according to family. Figure 2 shows the spectra of 1-, 2-, and 4-azachrysene. Figure 3 shows the spectra of 1-, and 2- and are not even included in Tables 1-3 . This explains the failure of these modes to produce a notable impact on the appearav ce of the observed spectra. As mentioned previously, the out-ofplane CNC warping modes make their greatest contributions to the lowest frequency modes of the molecule. Although many of t'_ese fall in the far-infrared region of the spectrum, several modes in the 600-500cm-1regionha,Te beenfoundtocarrysignificantCNCout-of-planewarpingcharacter aswell.
Despitethe globalsi_filarity between the spectra of theneutralPANHs andthoseof their parentPAHs,therearetwo a:_pects of thespectrashownin Figure 8 ; the spectrum of the 2-azapyrene cation is compared to that of the pyrene cation in Figure 9 ; and the spectrum of the 7,8-benzoquir_oline cation is compared to that of the phenanthrene cation in Figure   10 . Inspection of Tables 6-8 reveals frequency discrepancies between theory and experiment that are somewhat higher than for the neutral species described above. For the cations, although the positional agreement between theory and experiment is similar to or only slightly poorer that that observed for the neutral species, more striking is the substantially larger number of bands predicted by theory than are observed in the experimental data. The most probable explanation for the lowerthan-expected number of observed cation bands is the pseudo-ionization effect discussed in the previous section. Given that r eutral PANH molecules exhibit some of the spectroscopic character of ionized species, it is likely that the average band position shift induced by ionization is less than that observed for the aromatic hydrocarbon cations studied previously. 7 ) only by virtue of their intrinsicstrength.For weakerbandsthis will not bethecase, andit is likely thatahigh proportionof thesebandsarenot observable in theexperimental data. This is particularly true for the CH slretching region between 3100 and 3000 cm -1 where, as has been the case with previous IR studies of positively charged aromatic molecules, the strongly suppressed cation bands cannot be differc:ntiated from the strong bands of the parent neutral. Again, relative intensity differences are grealer than those associated with the band positions, with differences of a factor of 2 being common an:l some considerably higher.
Overall, the effects of ionization on the infrared spectra of PANHs are similar to those observed previously for PAH_. These effects are quantified in Table 9 which compares the total theoretically-calculated absorgtion intensities in the 1100 -500 cm -1, 1600 -1100 cm -1, and 3150 -2950 cm -1 regions for PANHs in their neutral and cationic forms. The analogous experimental data is not shown due to the incomplete coverage of these features in that data as discussed above.
For the bands in the 3150 -2950 cm -1 region, the effect of ionization on the PANH spectra is identical to that observed for r:he analogous PAHs and involves a suppression by nearly an order of magnitude. Summing the intcmsities of the bands in the 1100 -500 cm -1 region we find a modest but sigrfificant 40% enhancement of the total absorption intensity in this region. This result would seem to be at odds with our p-evious reports that the strongest CH out-of-plane bending modes of The two spectra were scaled to compensate for differences in the ion yields of the two experiments.
The bands marked by an asterisk (*) are contaminant photoproducts. Figure  9 . The mid-infrared spectra of the 2-azapyrene cation isolated in an argon matrix at 14K.
The spectrum of the pyrene c _tion is shown for reference. The spectra are the difference between the spectra of the arc on matrix-isolated samples measured before and after Lyman-ot photolysis. The bands marked by an asterisk (*) are contaminant photoproducts. Figure  10 . The mid-infrared, pectra of the 7,8-benzoquinoline cation isolated in an argon matrix at 14K. The spectrum of the phenanthrene cation is shown for reference. These spectra are the difference between the spectr t of samples measured before and after in-situ Ly-cz photolysis. 
